In a continuously changing environment, like globalization, technological innovation, restructuring and outsourcing, organizations can no longer cope without continually developing their competencies and human resources. As a result academic research and company practices have actively started to develop decision making models in operation and practices to meet toughening competence demands that, moreover, need to be developed at an ever faster pace. In this research paper, we bring together several processes and components in order to provide a comprehensive overview in search for conceptual representations designed to support and develop organizational competence mapping at the individual and organizational level. According to recent research, as a decision making tool Analytic Network Process (ANP) methodology may mitigate the elusiveness of the architecturing competence concept by assisting to determine the importance of criteria and selecting the best alternative between competency models.
Introduction
Since the 1990s, architecturing competencies have become the code words for the human resources and strategic management practices of recruiting, selecting, placing, leading, and training employees and evaluating employee performance. To be used successfully in an organization or other professional network, competencies must be inclusive or integrated throughout all of the human resources practices. [1] [2] [3] [4] [5] [6] Although receiving significant attention in management research and business 7 , the architecture of competencies concept still remains difficult to apply, due to the vagueness of the theoretical construct, and due to the lack of pragmatic procedures to make it actionable. As pointed out by several researchers, the competence concept remains at an abstract level, leaving practitioners without clear guidance for the application stage. [8] [9] [10] [11] [12] According to recent research, Analytic Network Process (ANP) methodology may mitigate the elusiveness of the architecturing competence concept by assisting to determine the importance of criteria and selecting the best alternative of competencies models. In this paper, we thus review the Human Performance Technology (HPT) literature in search for conceptual representations designed to support and develop organizational competence mapping at the individual and organizational level with the primary objective to identify, maintain, and develop competences in agreement with the corporate strategy. By taking a synoptic overview of the HPT representation, we position components of inputs, processes, outputs in an integrative framework 13 to assist practitioners in selecting the right components and processes of competence management and to inform managers / employees about future improvement and development needs. The proposed methodology has been primarily devoted to aspects of competence architecture, including but not limited to  understand and manage the firm's competence configuration in order to create sustainable advantage,  evaluating, analyzing, or assessing a competence architecture for suitability or fitness of task purpose-objective,  capturing and communicating a competence architecture using decision making models and tools which may play a catalyst role in identifying, managing, and communicating organizational competences,  modeling of work systems based on their architectural competence descriptions,  to assist competence management, with particular reference to the processes of competence.
Therefore the goal of this paper is, to be able to effectively modeling the competence of employees and to prescribe effective ways in which individual and organizational competence can be improved and to identify human and organizational factors that are critical to achieving the full promise of competence architecture.
Human Performance Technology -HPT
For an effective human resources management, the enterprise will let the process of performance evaluation develop itself. Such an enterprise has to build a system which answers the needs of the enterprise as well as those of the individual. 14 HPT stresses a rigorous analysis of the requirements of organization, process and human performance for new work system design and/or identifying the causes for performance gaps, and attempts to provide new work system designs and/or solutions to improve and sustain performance, and finally to evaluate the results against the requirementsthe so called competencies. 15 A competency is the capability of applying or using knowledge, skills, abilities, behaviors, and personal characteristics to successfully perform critical work tasks, specific functions or operate in a given role or position. Personal characteristics may be mental / intellectual / cognitive, social / emotional / attitudinal, and physical / psychomotor attributes necessary to perform the job [16] [17] [18] and extend 19 this definition to include both internal and external constraints, environments, and relationships related to the job or occupation. Motivations and perceptions of the work and one's self or talent also are viewed as influential in competently and successfully performing in a position. 1, [20] [21] [22] In summary, competencies are specific personal qualities that are "causally related to effective and/or superior performance" 20 , are common across many settings and situations, and endure for some time. 23 Therefore HPT can become the leverage organizations need to increase improved performance and focus on results using a variety of means and methods. This article uses the traditional HPT process approach of International Society for Performance Improvement (ISPI) as its guideline model. 24 Thomas F. Gilbert 25 believed it was most necessary to focus on variables in the work environment before addressing the individual. The same dichotomy between the environment and the individual can be seen in Teodorescu and Binder's model 13 shown in Fig. 1 .
Gilbert makes clear that we must look at the entire set of variables or influences that affect behavior, not merely at training or some other sub-set of the whole performance system. Teodorescu and Binder prescribe a way to build a competence model that can be used to measure and increase an organization's progress towards achieving competence. 13 Their model is shown in Fig. 1 . Important inputs include the goals of the organization. Processes are built to identify and confirm the goals, conduct performance analyses, and so forth. Then remedial actions are planned and implemented as needed.
Individual and organizational competencies are intertwined. Studying only one or the other will not do. This idea reinforces our position that simply examining performance gaps and measuring their deficiencies will not do. We need to understand the root causes of those deficiencies. In fact, the competence of an organization is intertwined with the competence of individuals.
Architecture of Competence (AoC) in Respect to HPT
The competence architecture of an organization is the ability of that organization to grow, use, and sustain the skills and knowledge necessary to effectively carry out architecture centric competence practices at the individual, team, and organizational levels to produce performance goals with acceptable cost that lead to systems aligned with the organization's business goals. The AoC is a conceptual framework assisting practitioners in identifying causes and opportunities, along with the underlying resources and networking them in a hierarchical connection to the corporate vision, and to the success factors in a competitive domain. 26, 27 By assisting competence planning, building a framework ultimately helps avoiding 'competence gaps', defined in terms of a dysfunctional imbalance between skill, knowledge, experience exploration and exploitation. Above all, the proposed integrative framework provides valuable support to practitioners who want to use a decision making approach systematically for competence management. It facilitates the identification of one or several factors with regard to the competence gaps. It also shows where multiple methods or alternatives are available and where more effort is still needed. The framework can thus provide valuable pointers for future development efforts by researchers and practitioners. Inputs are defined as; organizational and business-unit goals, models of behavior (roles) and skills, job description items. Processes are built to identify and confirm the goals, conduct performance analyses, and so forth. Outputs are; using in the sense of the HPT term, qualifications of the actor (skills and knowledge) and the supportive or destructive environmental variables for the acquisition of the required competence. Competency Models (CM) help us by evaluating and improving of individual and organizational competencies and is a descriptive tool that identifies the competencies needed to operate in a specific role within a job, occupation, organization, or industry. Simply stated, a competency model is a behavioral job description that must be defined by each occupational function and each job. 19, 28 Depending on the work and organizational environment, a group of seven to nine total competencies are usually required of a particular job and depicted in a competency model. 29 To understand competency requirements of a job role, they are often represented pictorially and competencies are mapped, with competencies existing on a hierarchy. 30 In the literature there exist several CM. [31] [32] [33] In this paper four models are described for explaining, measuring, and improving the AoC of an organization. These models are: Although individuals are the medium through which organizational learning generally occurs, learning by individuals within the organization does not necessarily imply that organizational learning has occurred. For learning to be organizational, it has to have a supraindividual component. 39 These are the categories adopted by the International Society for Performance Improvement (ISPI) 41 and come from Ref. 25 . Other authors cite anywhere from three to 11 categories, but the principle remains the same; lots of things cause performance problems (or areas for improved performance!). Once these causes are identified, appropriate interventions can be designed and implemented to close the performance gap.
Proposed Method for AoC: ANP

General Information
ANP is a generalization of Saaty's Analytic Hierarchy Process (AHP), which is one of the most widely used multi-criteria decision support tools. AHP is limited to relatively static and unidirectional interactions with little feedback among decision components and alternatives. 42 This weakness can be overcome by using the advance multi-criteria making technique, namely the ANP.
Many real life decision problems cannot be structured as a hierarchy because of the fact that they involve the interaction and dependence of higher level elements in a hierarchy on lower level elements. So the hierarchy becomes more like a network (See Fig. 2 where a loop means an inner dependence). On this context, ANP and its super-matrix technique can be considered as an extension of AHP that can handle a more complex decision structure 43, 44 as the ANP framework has the flexibility to consider more complex inter-relationships (outer-dependence) among different elements. ANP is very useful in these kinds of situations providing a general framework without the assumptions of independence of higher-level elements from lower ones, or independence on the same level. The ANP models the decision problem with a network structure that relaxes the hierarchical and unidirectional assumptions in AHP to allow the interdependencies in the framework. 46 The ANP framework has three basic features which are useful in multi-criteria decision-making problems:
 Define the goal and criteria (and sub-criteria),  Determine the interdependencies and the network and  Build the supermatrix and synthesizing.
Comparison Procedure
In this approach, comparison matrices, prioritization and the weights while considering the interdependencies are formed between various attributes of each level and filled with the help of Saaty's 1-9 scale by the experts or decision makers. 46 During this phase, decision making for a complex and/or delicate situations often needs a team to work cooperatively to get consensus awareness for the situation. 47 Once the pair-wise comparison matrices are formed, the consistency of the pair-wise comparisons made by the experts or decision makers have to be checked in order to make the necessary changes if there is any inconsistency above the allowed limit. After that, eigenvectors for all the matrices are calculated in order to define weights of the elements that formed the comparison matrix in question.
The concept of supermatrix is employed to obtain the composite weights that overcome the existing interrelationships. Calculated eigenvectors are placed into the supermatrix.
Assuming we have n components, C j where j = 1, …, n, with each one having n j elements, the supermatrix will be as follows: overall priority of each element of each cluster and the final ranking of the alternatives are given by the limiting powers of this weighted supermatrix.
Case Study
Organizations may turn to competence architecturing for help to improve their outstanding achievements, as a result of which, evaluation of their competence architecturing performance is of importance for enterprises. An ANP model on competence architecturing evaluation system will be constructed in Super Decision software and ANP theory will be applied to evaluate indices in this system. 
Modeling
Competence architecturing is complicated, whose synthetic evaluation contents are multi-criteria and multi-alternatives. To construct the AoC evaluation model and to calculate the weights, the software called Super Decisions is used. The Super Decisions software is a simple easy-to-use package for constructing decision models with dependence and feedback and computing results using the supermatrices of the ANP. Refer to AoC essential and its practical situation in organizations, an AoC evaluation model has been constructed in Fig. 3 based on analyzing theories and consulting experts.
Obtaining pairwise comparison matrices
After modeling, paired comparisons under each control criterion are performed. This phase is done by using Delphi method. To make sure the result is more exact and reasonable more experts are expected to participate in pairwise comparison. The elements in a cluster are compared by applying Saaty's 1-9 scales 46 according to their influence on an element in another cluster which they are connected to (or on elements in their own cluster). Inconsistency for each pairwise comparison matrix is also checked. A comparison matrix is considered to be consistent when its inconsistency ratio is less than 0.1.
An example of node comparison matrix and an example of cluster comparison matrix can be seen in Table 1 and  Table 2 respectively.
Such comparison matrix as given in Table 1 will be built for each node connected other nodes (more than one) in a cluster. In the case where a node is connected to only one node in a given cluster, a relative priority of "one" will be assigned for the impact of this node on the node of reference.
The relative priorities calculated according to those node comparison matrices will be placed in their appropriate place in the supermatrix (see in Appendix A). Such comparison matrix as given in Table 2 will be built for each cluster in the same manner as in node comparison matrices and the relative priorities calculated according to those matrices will be used to form the cluster matrix, given in Table 3 , which will be used to obtain the weighted supermatrix (see in Appendix B). With respect to Inputs; as it is seen in Table 4 .
 The first three components for CM1 are, in their order, Job description (JD), Skill Models (SM) and Role Models (RM) Technology model to improve employee competence, the focus is mostly on the aspects of the organizational and business unit goals.  The first three components for CM3 are, in their order, Business Unit Goals (BG)-Organizational Goals (OG) and Roles and Engagement Models (RM). Despite the efforts to assess the competencies associated with personal characteristics, traits and motivation, such competencies are difficult to define and therefore difficult to assess. Such competencies cannot be directly measured in behavioral terms, but more accurately there are behaviors associated with these competencies. Thus, assessments of such competencies are not objective; rather they are based on faulty or interpretable assumptions about behaviors that constitute maturity, flexibility, cooperation, autonomy, and independence, among others. For these competencies, measurements that meet professional standards are needed which are consistent with Organizational and Business Unit Goals.  The first three components for CM4 are, in their order, Organizational Goals (OG), Business Unit Goals (BG) and Roles and Engagement Models (RM). In general Competency models are being used in other areas of human resources management to align the goals of an organization and talents of its workers. It is important to note that a competency model describes the qualities required of a worker to be successful in a position, on a team, and within an organization, but a competence model describes what an individual worker must perform consistently to achieve or exceed the strategic goals of the organization. 13, 23, 48 In other words, there are competencies required in a job and these can be held by both average and exemplary employees, but there are also competencies held by only the exemplary worker. 16 This latter definition is related to aligning people and their performance to corporate goals, organizational strategy and success, business competitiveness, and profit. Competencies are identified and given importance when they achieve the organization's goals. In Ref. 23 it is explained that the difference between each concept has become fuzzy in both literature and practice. Competency models also are being used to organize the business needs and directional strategy, convey the values and mission of a company, and reward those workers who learn and demonstrate the identified organizational competencies. 17, 19 With respect to Outputs; as it is seen in Table 4 :
 The first component for CM1 is Environment Variables Required for Competence (Env); Skills and Knowledge Required for Competence (Reg). DSK Model it is believed that before addressing the Environmental factors it is most necessary to focus on "Skills and Knowledge Required for Competence".  With respect to CM2 it is believed that it was the absence of performance support (environment) at work, not an individual's lack of knowledge or skill, which was the greatest barrier to exemplary performance. Therefore, it's believed it was most necessary to focus on variables in the work environment before addressing the individual. Contrary to the CM2 our findings is supporting to focus before addressing the Environmental factors it is most necessary to focus on "Skills and Knowledge Required for Competence" .  With respect to CM3 it is believed that it was the absence of performance support (environment) at work, not an individual's lack of knowledge or skill that was the greatest barrier to exemplary performance. Therefore, it's believed it was most necessary to focus on variables in the work environment before addressing the individual.  With respect to CM4 organizational environment plays an important role. Both formal and informal aspects of the organizations environment affect organizational learning. As it is known formal organizational arrangements, such as technology and structure, influence organizational learning and knowledge transfer. But informal aspects of the organizational context, such as culture and social networks, also influence learning processes. Learning processes occur in communities of practice that may cut across organizational boundaries. The volatility and heterogeneity of the environment also affect learning processes and outcomes.
As it is seen in Despite the efforts to assess the competencies associated with personal characteristics, traits and motivation, such competencies are difficult to define and therefore difficult to assess.
 With respect to CM3 the organizational coordination model, in practice, concentrates most heavily on the practice that produces an architecture-conformant implementation, and tells us how effective the organization is likely to be at carrying out that practice. We ranked the first three categories of processes: With respect to whole gamut of components, as it is seen in Table 5 : Table 5 is analyzed to the whole gamut of the components (not in clusters) and ranked against the first three headings; Conducting Performance Analysis, Skills and Knowledge Required for Competence, Synthesize and Analyze Data are the most important components. This type of Model (CM1) needs competence architecture-centric duties (e.g., establishing a competence architecture review board), skills (e.g., Human Resource skills for adequately hiring, mentoring, and rewarding component employees), and knowledge (e.g., how to assemble the most effective competent teams). Focusing on duties, skills, and knowledge provides an operational way to assess current competence (measure the effectiveness of employees' duties performance, the strength of the skills, and the extent of the knowledge) as well as to predict future competence (measure the skills and the mastery of the knowledge). It also suggests an obvious and actionable approach to improve individual competence: practice the duties, improve your skills, and master the knowledge. In the DSK model, the key to competence lies in the duties, skills, and knowledge of an employee. The greater the employees' ability to carry out the duties and possess the required skills and knowledge, the more able that employee is to demonstrate high-quality performance and hence the more competent. We can assess employee competence according to the DSK model. A successful organization will consider the CM of DSK when selecting and hiring new employees but also will be using the competency model to develop and advance incumbent employees. In some companies, successful succession planning requires updating competency models or job descriptions, recognizing internal talent through assessment, and developing such talent through training. 36 From a human resources perspective and strategic business model 50 , this type of competency model can be used to assist people in moving up or over in an organization or industry to benefit an organization.
The results of such an assessment instrument can be used to identify areas where needed improvements are indicated. The result shown in Table 5 supports this concept. There are components profiles relevant to DSK Competence Model: such organizations might be motivated to maintain, measure, and advertise their architecture competence as a means of attracting and retaining employees. DSK model, supplies the list of job accomplishments and task steps in the form of duties.  With respect to CM2 if Table 5 is analyzed according to the whole gamut of the components and ranked again as the first three headings: Competency models have their place in human resources practices and their use can be a method of speaking a similar language among various audiences when discussing work requirements. However, competency models are not the sole solution for every hiring and selection decision or other managerial functions 51 , nor should they be the only tool utilized in meeting education and training needs. In Ref. 53 , it is explained that framing competencies as an outcome can ignore the mental and personal processes that are utilized in developing and exhibiting skills and utilizing knowledge. Some idiosyncratic competencies that can assist a person in being successful in their job or contributing to the competitiveness of an organization may be overlooked if the competency model solely is used to strategically select only staff that fit this model and do not rely on developmental resources to facilitate acquisition of competencies where a gap exists. [54] [55] [56] HPT calls for calculating the value or worth of specific job accomplishments so that low-performing areas can be targeted for improvement. Improvement, in turn, depends on identifying the steps involved in carrying out a task.
 With respect to CM3 and CM4 if the ANP Matrices are analyzed according to with respect of the whole gamut of the components and ranked again as the first three headings are (even the order for CM4 is slightly different the components are the same): Similarly, the Organizational Learning model is concerned with how organizations internalize and utilize knowledge. One way organizations do this is by building and nurturing appropriate and effective coordination mechanisms. Testing how well they've done this to achieve an end (in this case, producing high-quality architectures) can be accomplished through HPT methods. In this combination of models, organizational learning is dominant and -calls the other three to inform it in specific areas. By having the entire organization involved in the development of competency models and defining what certain competencies mean for that particular organization, there will be an organizational expectation of what makes the company succeed. For the gaps in competency acquisition, further training and development can be offered and provided to aid in acquisition of the desired skill, knowledge, behavior, trait, etc. Allowance for some less needed or desired competencies should be considered as well to perhaps enrich the talent pool. For occasions when these competencies are not developed, it is likely that inaction or an ineffective behavior may prevent the worker from accomplishing job tasks and organizational goals. While not usually the most cost-effective option for businesses after investing in an employee, it may be most appropriate for the company to re-evaluate the current competencies of an individual and his or her acquisition for learning new and desired competencies based on those competencies required of the organization. With the results of this analysis, the organization and individual can determine the individual's future within that organization. The employee might benefit far greater in the long run knowing that other organizations within that industry or across industries would be a better career fit.
Calculate the priorities of the criteria
The Super Decisions software can provide the priority vector for the alternatives in the subnets when pairwise comparisons are done and give the synthesized priority vector for the alternatives over all the subnets when the calculations are done in the control network. The total weights of the alternatives are showed in Table 6 .
From Table 6 , it can be concluded that the best alternative for the case Company (a leading innovation driven company) is the CM4 and the worst is the CM1 and that the final ranking for the alternatives is as follows: 
Conclusions
As noted above, with certain exceptions considered, architecturing competency models are a viable tool that can be utilized to prepare the current and future workforce and retain skilled current workers to meet the job requirements and other needs of employers.
Organizations can evaluate more exactly and more rationally their competence architecture with the presented ANP methodology in this paper. This paper demonstrated how ANP in particular can be used within AoC context to integrate significant existing knowledge in HPT research into a multi-criteria model for competence mapping decisions.
The ANP approach provides a richer multidimensional perspective for understanding competence mapping decisions in a particular situation. Possible future work includes research on applying the proposed model to different organizational settings and gathering the reflections of the stakeholders on such interventions. Hence our starting assumption that it is sufficient to model the problem as an ANP model might be a limitation of our work reported here which however should be addressed by investigating in the future the appropriateness of its relevance. This possibility requires further field applications and comparisons between theoretical and practical ANP application models for competence mapping decisions.
In addition, usage of Super Decision, user-friendly software, makes the decision making process by using ANP easier. An example is also presented to illustrate the proposed method with applications thereof. The results show the proposed method is suitable and effective in real-world applications.
The model developed in this paper has a limitation as well: the results reported in this research are based on the opinion of the decision-makers, whose preference to some criterion might have influenced the results. Although Delphi method is used in pairwise comparison phase, some subjective factors are still inevitable. At present, it is subject to an ongoing revision, and the underlying dimensions are regularly checked, and eventually refined against the addition of further elements. Moreover, in future research, we will perform surveys among decision-makers, in order to assess to which degree the competence architecture really support the processes indicated in the framework. 
